Purposes: To evaluate the influence of dyslipidemia on 24-h urine composition in adults who were non-stone formers (NF). Methods: Samples for 24-h urine composition were analyzed from 584 NF adults without urolithiasis in a national six-city-based epidemiologic study. The samples were divided into groups based on total cholesterol (TC), triglycerides (TG), high-density lipoprotein (HDL), and low-density lipoprotein (LDL). The groups were compared based on demographic data and each component of 24-h urinalysis. Conclusions: The present study first investigated the effects of dyslipidemia on 24-h urinalysis in NF adults. Of note, high LDL and low HDL were found to be adversely related to kidney stone formation. However, people with high TG and high TC should be cautious of getting kidney stones.
Introduction
Nephrolithiasis is becoming increasingly common worldwide [1, 2] . Interestingly, the rate of dyslipidemia is also increasing in developed countries and developing areas such as China [2] . Nephrolithiasis is a metabolic disease, and dyslipidemia has been demonstrated to be an independent risk factor for urinary stone formation and recurrence [3, 4] . The concerning underlying mechanisms were reported to be insulin resistance, inflammation, and oxidative stress [3] . These internal environment disturbances together cause urinary lithogenic changes, including hypercalciuria, hyperuricosuria, hyperoxaluria, and hypocitraturia [3] . Therefore, lipid profiles, which are composed of total cholesterol (TC), triglycerides (TG), high-density lipoprotein (HDL), and low-density lipoprotein (LDL), are supposed to be associated with the levels of physicochemical elements in urine.
Changes in 24-h urine composition are markedly related to urinary stone formation. Moreover, 24-h urine composition analysis is a good approach to detect urine physicochemical elements. In a large cohort with nephrolithiasis, Torricelli and his colleagues found that lipid profiles were significantly associated with urinary composition changes. High TC indicated a higher urinary potassium and calcium, whereas low HDL or high triglyceride levels correlated with an elevated urine sodium, oxalate, and uric acid, as well as a lower urine pH [5] . However, in the setting of a non-stone forming (NF) population, the correlation between dyslipidemia and 24-h urine composition was never reported. To clarify this issue, this study was conducted to evaluate the influence of dyslipidemia on 24-h urine composition in adults without urolithiasis.
Material and methods

Study population
From May 2013 to July 2014, our group conducted a nationwide epidemiologic study of urolithiasis among adults aged 18 years and older in China. A total of 584 Chinese adults without urolithiasis in six cities (Shanghai, Chongqing, Harbin, Shaoyang, Lanzhou, and Changzhi) were included in this study. These six cities are located in traditional geographical regions of China (south central, southwest, east, north, northeast, and northwest). This study was approved by the Ethics Committee of the First Affiliated Hospital of Guangzhou Medical University, China. Written informed consent was obtained from all the participants.
As shown in the Fig. 1 , the individuals without nephrolithiasis who underwent at least a single 24-h urine composition analysis and a single fasting lipid profile evaluation were included. Study exclusion criteria were subjects with incomplete urine samples (men: urine creatinine < 800 mg/24 h; women: urine creatinine < 600 mg/24 h), serum creatinine greater than 133 μmol/L, urinary stone, urinary tract infection, gout, gastroenteric diseases, enterectomy history, a history of dyslipidemia or receiving a statin, prescription of specific individualized dietary intervention or medical therapy (except for general fluid or dietary modifications), or a history of taking thiazide, allopurinol, vitamin supplements, potassium citrate, or calcium supplements during the past 2 weeks. All eligible participants with a free diet received ultrasonographic urinary tract examinations and questionnaires to collect the basic characteristic information [e.g., age, gender, body mass index (BMI), health history]. The estimated creatinine clearance rate (eCCr) was calculated by the Cockcroft-Gault equation.
Collection and analysis of 24-h urine
The detailed methods of the collection and analysis of 24-h urine samples have been described in our previous Fig. 1 Flow diagram. Subject selection and analysis process study [6] . A kit containing all the necessary supplies for the collection was sent to each participant. Clean polyethylene containers with prestored toluene were used to collect urine samples. One 24-h urine sample was collected from each person. All participants maintained their fluid intake and normal diet during the collection.
The urine was analyzed within 72 h after collection. The main measurement outcomes of 24-h urine analysis included urine volume, pH value, and concentration of urine sodium, potassium, chloride, calcium, phosphate, uric acid, magnesium, oxalate, and citrate. Urine citrate and oxalate were measured with ion exchange chromatography (Metrohm, Switzerland). Urine potassium, sodium, calcium, chloride, creatinine, and phosphate were determined by Unicel DxC 600 synchronic biochemical detecting system. Urine uric acid and magnesium were measured by Beckman coulter AU680 automatic biochemistry analyzer. Urine cystine was quantified with Thermo Scientific Microplate Reader. pH values were measured with a glass electrode in a calibrated pH meter (Mettler Toledo, Switzerland). In addition, the ion activity products of calcium oxalate and calcium phosphate, expressed in terms of AP (CaOx) index s and AP (CaP) index s were also calculated in our study [7] . The 24-h urine analyses were performed in the Guangdong Key Laboratory of Urology according to standardized protocols. 
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Results
The demographic data and 24-h urine composition of the included adults are listed in Table 1 . A total of 584 NF adults (47.6% men) was included. The mean age was 49.98 ± 15.76 years, and the mean BMI was 23.72 ± 3.77. There were 148 (25.3%), 122 (20.9%), and 41 (7%) adults with a history of hypertension, diabetes mellitus, and urolithiasis, respectively. As shown in Table 2 , high TG (> 1.7 mmol/L) was more frequently seen in older (53.82 vs. 49.12, p = 0.001) and higher BMI (25.30 vs. 23.37, p < 0.001) adults. High TG participants also had a higher proportion of individuals with hypertension (37.7% vs. 22.6%, p = 0.001) and Table 3 shows the influences of dyslipidemic status on 24-h urinalysis data. In the high TG group, the volume of urine was greater than that of the normal group Then, multivariate logistic regression was performed to assess the independent impact of dyslipidemic status on 24-h urine composition considering the confounding factors including age, sex, BMI, hypertension, and diabetes mellitus. Moreover, the members of the lipid profiles were also considered to be confounding factors. For example, if there were differences in terms of the levels of TC, LDL, or HDL between the high TG and normal groups, the status of TC, LDL, or HDL would be considered as a confounding factor when evaluating the independent impact of TG on 24-h urine composition. As shown in Table 4 , the high TG status had an independent impact on the increased urinary volume and urinary excretion of oxalate, potassium, and AP (CaOx) index. The high TC status had an independent influence on the increased urinary excretion of calcium, sodium, chloride, AP (CaOx) index, and AP (CaP) index. Of note, the high LDL status had an independent effect on the decreased urinary excretion of calcium, oxalate, sodium, chloride, AP (CaOx) index, and AP (CaP) index. The low HDL status had an independent impact on the increased urinary excretion of citrate and magnesium, as well as decreased urinary excretion of creatinine.
Discussion
The pathophysiology of nephrolithiasis is multifactorial. The components of metabolic syndrome (MetS) including obesity, hypertension, dyslipidemia, and diabetes were risk factors for stone formation [8] [9] [10] [11] . Dyslipidemia has been widely accepted to be an independent risk factor for renal stone formation and recurrence [4, 12] . Insulin resistance, inflammation, and oxidative stress were hypothesized to be the mechanism. These internal environment disturbances together cause urinary lithogenic changes, including hypercalciuria, hyperuricosuria, hyperoxaluria, and hypocitraturia [3] . Analysis with 24-h urine composition is a good approach to detect urine physicochemical elements. In the SF patients, dyslipidemia could cause significant changes in the 24-h urine Confounding factors including age, sex, BMI, hypertension, diabetes mellitus and so on according to results of demographic data by serum TG, TC, HDL and LDL. Moreover, the members of lipid profiles were also considered as confounding factors. For example, if there were differences in terms of the levels of TC, LDL or HDL between high TG and normal group, the status of TC, LDL or HDL would be considered as a confounding factor when evaluating the independent impact of TG on 24-h urine composition composition [5] . However, in the setting of the NF population, the correlation between dyslipidemia and 24-h urine composition was never reported. Our present study included 584 NF participants from a nationwide epidemiologic study in six cities and for the first time reported the effects of dyslipidemia on 24-h urine composition in adults without urolithiasis. Specifically, high TG and TC caused increased urinary excretion of lithogenic components, such as oxalate, calcium, potassium, sodium, chloride, AP (CaOx) index, and AP (CaP) index. Interestingly, high LDL decreased the urinary excretion of lithogenic components such as calcium, sodium, chloride, AP (CaOx) index, and AP (CaP) index. Low HDL increased the urinary excretion of protective factors for stone formation including citrate and magnesium.
High TG was reported to cause high urinary calcium, sodium, uric acid, magnesium, and potassium excretions in SF patients [4, 5] . In the present study, we showed that high TG had higher urinary oxalate, potassium, and AP (CaOx) index in the NF population. The new finding in this study was that high TG caused high urinary oxalate excretion. Table 2 shows that the patients with increased TG had higher BMI (P < 0.001), which suggested that increased oxalate accumulation might be caused by obesity. Recently, Khashayar Sakhaee uncovered the mechanisms of obesity-induced hyperoxaluria. The potential pathophysiologic mechanisms of obesity-induced hyperoxaluria might be as follows [13] [14] [15] [16] : (a) increased intake of oxalate and increased oxalate intestinal absorption daily; (b) obese subjects had decreased number of Oxalobacter formigenes, which could degrade intestinal luminal oxalate and stimulate intestinal oxalate secretion; (c) increased intestinal and circulating proinflammatory cytokines in obese subjects inhibits intestinal oxalate secretion mediated by the anion exchange transporter Slc26a6 (A6). These potential mechanisms could explain why increased TG cause increased oxalate accumulation. SF patients with high TG level were shown to more likely to have stone recurrence and had a shorter stone recurrence-free period [4] . Andrew J et al. followed the participants without urolithiasis and found by multivariable analysis that the median TG levels of people who formed kidney stones were higher than that of people who did not form kidney stones [17] . Our results implied that NF populations with high TG might form kidney stones more readily due to more urinary oxalate and potassium excretion.
The univariable analysis results demonstrated that high TC caused increased urinary magnesium excretion. However, multivariate logistic regression analysis did not show a significant difference in terms of urinary magnesium. Instead, multivariate logistic regression analysis showed that high TC could cause increased excretion of urinary calcium, sodium, chloride, AP (CaOx) indexes, and AP (CaP) Indexes. High TC was reported to be correlated with high urinary calcium in SF patients [5] . This relation was also suggested in animal studies [18] . The present study first reported that high TC had a link to high urinary sodium, chloride, AP (CaOx) indexes, and AP (CaP) indexes. The present results also demonstrate that people with high TC should pay attention to kidney stone formation.
Therefore, for the people with high TG and high TC, they should be cautious of getting kidney stones. Statin intake and regular exercise had a protective effect against stone formation [19] . Individual components of serum lipids (TC, TG, LDL cholesterol, HDL cholesterol) were reported to be adversely associated with urinary stone risk. Kang et al. found that in SF patients, high TG and low HDL were associated with increased risk for urinary stones, whereas high TC and high LDL were associated with reduced risk of urinary stones [20] . In the NF population, our results also indicated that contrary to the lithogenic urinary changes of high TG and high TC, high LDL caused decreased lithogenic component excretion including calcium, oxalate, sodium, chloride, AP (CaOx) indexes, AP (CaP) indexes, and low HDL caused increased stone formation inhibitors such as citrate and magnesium. Our findings concerning the effects of LDL on 24-h urinary components were similar to the previous studies. High LDL seemed to lower the risk of stones [20] . However, the effects of HDL on 24-h urinary components was different from the existing findings. HDL was shown to have protective anti-inflammatory effects and protect against insulin resistance [21] . Low levels of HDL were reported to increase the nephrolithiasis risk [20, 22] . Moreover, the underlying physiologic mechanism explaining why individual components of dyslipidemia have a contradictory effect on lithogenic urinary changes cannot be explained at present. For the population without urolithiasis, the latest study including the participants with a first recorded diagnosis of hyperlipidemia also got a conflicting result. During the follow-up, they found that the participants who developed kidney stones had a lower level TC or LDL and higher HDL. However, they confirmed that higher TG was associated with an increased risk of kidney stones [17] .
Some limitations in this present study should be stated. Because the 24-h urine samples were collected from a NF population in a nationwide epidemiology study of urolithiasis, the dietary habits of the participants could not be controlled, and they differed much due to distant remote locations. Different diets may potentially influence the 24-h urine composition, and this bias could not be adjusted in the multivariate analysis. Furthermore, the climate and environment are also different among the included cities, and the numbers of people with dyslipidemia in our study are relatively small. All these factors may cause potential bias to our results.
Conclusion
The present study for the first time investigated the effects of dyslipidemia on 24-h urinalysis in adults without urolithiasis. Of note, high LDL and low HDL were found to be adversely related to kidney stone formation. However, according to our results, people with high TG and high TC should be cautious of getting kidney stones. 
